Chronic obstructive pulmonary diseases (COPD) caused 3.2 million deaths worldwide in 2015 [1] . Therapeutic treatments, including acupuncture & herbal medicine have been applied to handle this disease with certain efficacies in the domain of traditional Chinese Medicine. However, very few analyses on the mechanisms behind the efficacies can be found in literature. Without understanding the basic mechanisms behind any medical treatment is the bottle-neck to advancement of possibly effective therapy of any kind. Based on this argument, we start off a series of studies on the neurophysiological consequence of acupuncture/acupressure applied to the Lung Meridian. We explain how the sensory signals (by sympathetic nerves) follow the spinothalamic tracts to the thalamus and then to the primary sensory cortex. The neurons of these ascending tracts synapse the motor neurons which activate some of the different organs of the respiratory system-diaphragm, nose, larynx, scalene muscles, trachea, lungs, intercostal and supporting abdominal muscles. The sensory signals at the neo-cortex are then passed on to the motor neurons in the primary motor cortex. The activated neurons project mainly along two descending tracts: anterior and lateral corticospinal tracts. Neurons of these tracts project to activate again some of the respiratory organs, plus the motors neurons related to the digestive system, including the large intestine. On the other hand, an intrinsic, automatic breathing system in the brainstem sends rhythmic signals through the bulbospinal tract system, which contains a special type of neurons-the pre-sympathetic neurons. These neurons, via interneuron relay, synapse motor neurons which mobilize the organs of the respiratory organs to function. Since the "Lung Meridian induced" signals and the intrinsic signals are sent by different types of neurons, we propose that stimulating the Lung Meridian might activate/supplement the action of the intrinsic system during some pathological states. Though the initial suggestion is supported by in vitro/(in vivo) experiments in detailed steps, clinical trials
Objectives of This Article-Having Established the Platform of Communication, We Proceed to Investigate the Pathways of Communication via Nerves
For survival of the human body, we know that: 1) oxygen and nutrients must be supplied to all cells forming well-defined organs such as kidney, and the debris of metabolism must be discharged from the body; 2) oxygen and nutrients must also be supplied to "residence cells" and "cells in transit" in the interstitium [2] ; 3) Cells in 1) and 2) have to communicate continuously to carry out numerous physiological functions. We have analyzed in detail how an integrative five-fluid system works in performing the duties 1) and 2) [2] [3] .
Having understood the basics of the communication platform, it is natural to analyze how do organs/(cells in the interstitium) communicate. In general, we understand that nerve fibers, blood vessels, lymphatic vessels are running in groups or parallel. The density of nerves, blood vessels is higher along the Meridians as reviewed in [2] [8] and [9] . Nerves are playing dominant roles in numerous physiological functions. Now every nerve fiber, every blood vessel is "surrounded' by at least one layer of connective tissue which is mainly built of collagen of one type or another. It has been demonstrated that applying manual acupuncture at an acupoint with either a) twirling and rotation modality, or b) lifting and thrusting modality would enhance the mechanical tension of the col-lagen fibers around the site of application (see Figure 2 and Figure 3 of [32] and [33] ). The stimulated (free) collagen fibers are connected directly or indirectly to the collagen layers enclosing nerve fibers, blood and lymphatic vessels. There is direct evidence that the effects of needle rotation reached several centimeters [34] . Anatomical analysis showed that 80% of the acupoints were found amidst the connective tissues [6] . We anticipate that stimulation at the acupoints or along the Meridians would exert mechanical pull on the nerve endings, nerve fibers directly, or indirectly through the linkage between the collagen fibers in the (loose or deep) connective tissues around the application site and the outermost layer embedding the nerve fiber (epineurium in peripheral nerve). Similarly, acupuncture exerts also mechanical pull on the outer layer (adventitia) of a blood vessel. Since there is a numb feeling while acupuncture action is applied, we can ascertain that acupuncture would stimulate the nervous system. Therefore, we follow up the neurophysiological response when an acupoint of the Lung Meridian is stimulated in this first paper of the series. We need to go into much detail, in most cases, to study the function of each responding neuron, in order to investigate in what ways stimulating the Lung meridian can affect the functions of (A) respiratory system, which involves the sub-parts: (A1) diaphragm, (A2) nose, (A3) larynx, (A4) the pharynx (voice box containing vocal cords), (A5) trachea (A6) lungs, (A7) muscles groups that support breathing, (A8) the respiratory centers at the brain stem (pons and medulla oblongata). The function of the respiratory system was considered closely related to that of (B) the large intestine, and (C) the sweating glands of the body over 1600 years ago in the oldest TCM literature. At that time the slightest bit of neurophysiology-neuroanatomy knowledge was yet to be accumulated. In view of the objective mentioned, we will introduce briefly some basics of the nervous system, and the functions of anatomical parts involved in sub-parts of (A), plus the (A-B) connection in this paper. The impact of stimulating the Lung Meridian on the functions of the blood circulation and lymphatic systems is outside the scope of this paper, but the issue will be treated in another paper related to the Lung Sinew channel.
Some Basic Properties of Neurons Discussed in This Paper

Types of Neurons, Sensors of Nerves and the Related Transmission Processes Associated with the Stimulation of TCM Meridians Discussed in This Paper
The cell body contains the nucleus. If the cell body (perikaryon) has one branch to transmit electrical signals, it is called a unipolar neuron, which is not discussed much in this paper. Figure 1 (a) shows the structure of a motor neuron.
Since the cell body of a motor neuron has many branches of dendrites around the cell body (yellowish structure with sharp ends) plus an axon (yellowish foot-like structure) extending to target the dendrite or cell body of another neuron, it is called a multipolar neuron [35] . The axon is insulated electrically by sheath segments. shows that the interneurons in the neocortex (cortex close to the internal part of the scalp) are myelinated [36] . In Figure 1 (b), we present only the myelinated type of interneuron. thinly myelinated (A-δ fibers), or unmyelinated (C fibers) [37] .
A bipolar neuron has two processes extending directly from the cell body, one forming the axon end, and the other (opposite side) forming the dendrite tree.
This type of cell looks simply like a chain, and one end can be encapsulated to become a sensor and the other end synapses the cell body of another neuron. A bipolar neuron of this type has its cell body along the axon (see Figure 1 ). The peripheral A-δ afferent fibers that have nociceptors and thermoreceptors have diameters in the range 1 -6 micro-meters. The thermoreceptors are of two types-the cold thermoreceptors respond to the range (5˚-40˚C) whereas the warm thermoreceptors fire signals when the temperature is within the range (29˚-45˚C) [38] . We refer to Figure II .11 of [35] for the skin structure down to the subcutaneous layer. The sensory nerves with branches can be ending in 1) free endings which detect heat and pain; 2) Pacinian corpuscle sensing pressure;
3) Meissner's corpuscle which senses touch; 4) Merkel disc also senses touch.
Some elastic fibers are thinly populated. The curvy structures represent the sweat glands, which are innervated by sympathetic nerves only. The representative hairs with their papilla of hair follicles and the sebaceous glands are also shown there. The three layers of the skin are well-known: epidermis, dermis, subcutaneous, and are labelled. Sensors 2)-4) encapsulate the nerves at the axons, and the free endings are simply un-capsulated axon terminals [39] .
Notice that the cold receptors are supplied by both A-δ or C fibers, but the warm receptors, which are relevant to warm Bian stone treatment applied to the skin, are only supplied by the C fibers. Cranial nerves (I, V, VII, IX, X), which are parasympathetic nerves, are relevant to our discussion in this paper. These cranial fibers have diameters ranging from around 0.8 to 10 mm [40] . The P. C. W. Fung, R. K. C. Kong Note that the bipolar neurons in the peripheral are not myelinated, whereas those in the neo-cortex are, for reason to be clear when we come to Section (5.3).
We would emphasize that using the rat models, high density of nerve endings was found at many acupoint sites [41] .
In Figure 1 (d) we show schematically a pyramidal neuron which has many dendrites growing from the cell body. One dendrite, however, extends to a longer distance and branches off to a dendrite tree. The axon is usually long, and the main axon terminal targets the spinal cord, thalamus, or other parts of the brain.
Along the myelinated axon, there are other axons, called collateral axons, extending along sideways, providing the ability to synapse the cell bodies of other neurons in the brain, especially those in the cortex region. Pyramidal neurons have their cell bodies in the neo-cortex (within ~2 mm on the "outer part" of the cortex) of the brain. The axon branch can have some portions myelinated whereas the other portions "naked" [42] .
Apart from the four types of neurons, there are many more neuron types, of the order of tens or hundreds in the brain, but we will not discuss them in this paper. 
Two Basic Neurotransmission Processes
Schematic representation of common neurotransmission and retrograde neurotransmission processes are shown in Figure 2 . (a) An axon of a neuron transmits neural transmitters (green small circles, such as GABA, being kept in the vesicle) to the dendritic "tip", the dendrite spine, or the cell body of another target neuron. The excretion process is exocytosis. The targeted cell has the special neurotransmitter receptor (deeper green). (b) Transmission between neurons can go the other way. The cell body and dendrite spines also have vesicles which keep special "retrograde neurotransmitters" (red small circles). Through exocytosis, these retrograde neurotransmitters can be expelled, and are received by the special retrograde receptors (blue) at the cell body or axon of another neuron. terminal. An axon of a neuron can transmit these neurotransmitters (such as gamma-aminobutyric acid or GABA) to the dendritic "tip", called dendrite spine, or the cell body of another target neuron via simple exocytosis. The targeted cell has the special neurotransmitter receptors (deep green with Y-shape structure) for accepting these transmitters when they pass through the synaptic cleft. The signal is then passed on to the axon terminal of the second neuron. Figure 2 (b) indicates the "retrograde transmission" from the cell body and dendrite spines which also have vesicles storing the special "retrograde neurotransmitters" (red small circles, such as nitric oxide) [43] . Through exocytosis, these retrograde neurotransmitters can be expelled, passing though the synaptic cleft, and are received by the special retrograde receptors (blue) at the axon terminal of the target neuron.
The Balance of the Sympathetic and Parasympathetic Nervous Systems via Various Means, Including Stimulating the Meridians
The autonomic nervous system functions to regulate the body's actions. The sympathetic nervous system (SNS) triggers the readiness/action of the body to take on a fight-or-flight response. It is, however, constantly active at a basic level to maintain homeostasis of a large number of organs [44] . Therefore, the SNS is called "antagonistic", accompanied with increased metabolic rates of the innervated organs, leading to increase of the heart rate, increase of breathing rate, dilation of the pupils in order to be aware of the changes in environment, constricting blood vessels, contraction of the vesical and rectal sphincters, together with inhibition of peristalsis and alimentary secretion, so that the digestive system and energy storage processes are stopped, and that more oxygenated blood is maintained in the skeletal muscles, heart, lungs and brain. To achieve the above purposes, the SNS contains nerve fibers which are mainly adrenergic.
On the other hand, when threats/pressures are relieved, the body should work on a system of organs leading to energy storage in general; this action includes the parasympathetic system (PNS) that contains chiefly cholinergic fibers, so that a range of secretions are induced, to contract the smooth muscles of the alimentary system [45] . The consequence is that more food is digested and energy stored, accompanied with a low heart rate. Apart from the diaphragm (which is only innervated by SNS neurons), all organs are innervated by both SNS and PNS nerves, so that a balance can be reached under a wide range of conditions, for survival. Generally, when the SNS of an organ is increased, the PNS of the same organ is decreased, and vice versa. There is only one exception: the genital organ requires the activation of both nervous systems during sexual action. Many disorders are caused by imbalance of the SNS and PNS. In TCM, attempts are made to balance these two systems by specific maneuver of the nerves involved, the action of which is dependent on the type of disorder 
Basic Operations of Respiratory Action
The respiratory system includes organs as briefly introduced in Section (1.2). As details of various parts will be discussed later, we show only the simple schematic breathing action in Figure 3 . Normally, bronchi are in a somewhat "collapsed state", with a star-shaped-like lumen. This means that the lumen cells and the mucociliary apparatus has a chance to be in contact with most of the (external) materials present in the lumen and, if necessary, secrets mucus to move the materials upwards and out of the system by action like coughing. Two sets of nerve, called anterior pulmonary plexus and posterior pulmonary plexus respectively, innervate the lungs at the anterior and posterior roots. Of course, they are accompanied by the associated blood vessels and lymphatic vessels into the bronchi and lungs. Each pulmonary plexus contains sympathetic nerves from ganglions of the sympathetic trunk and parasympathetic nerves from the vagus nerves descending from the brain stem. We will show later that the cervical spinal nerves down to thoracic spinal nerve T1 must form a group (the cardiac-pulmonary plexus to innervate the heart and the lungs) because these two organs must operate in harmony to supply oxygen and nutrients to the muscles if a skeletal action is to take place.
In general, postganglionic sympathetic nerve fibers from the sympathetic trunks are bronchodilators, vasoconstrictors, and inhibit glandular secretion.
Parasympathetic nerve fibers from the vagus nerves are bronchoconstrictor, vasodilator, and secretomotor to the glands. 
Introduction to the Connection of the Spinal Nerves and the Spinal Cord
Referring to Figure 5 , the grey matter has a "butterfly" shape, which varies in shape in different spinal cords. The two "extension" to the back are the dorsal horns, and the two on the "front" are ventral horns. This greyish structure is full of neuron cell bodies, cell processes including axons and dendrites, glial cells 
of [35]).
Note also that we observe two yellow spinal nerves (originated from the brachial plexus) entering the space between the bony vertebral body (on the ventral side) and the bony transverse processes at the back. These four branches of the spinal nerves, after passing through certain parts of the white matter, join the two ventral horns and two dorsal horns of the grey matter. There are nerves branching to the outside (the bony) region from each spinal nerve. On the ventral side, a side branch nerve leads to a sympathetic ganglion (some detailed structure will be described in later Sections), which has also branching nerves, one of which leads to a smaller ganglion near an organ. On the dorsal side, there 
Stimulating the Lung Meridian Starts off the Respiratory Action by Activating the Diaphragm via the Phrenic Nerve and Activating the Parasympathetic Nerve via Dragging the Connective Tissues Connecting the Vagus Nerve around the Esophagus Hiatus Indirectly
Refer to Figure 6 , before entering the C5 segment, a side branch of the C5 nerve goes up to become the C4, C3 and C2 spinal nerves in a rather intermingled manner. The spinal C4 nerve as the main sympathetic nerve, together with branches of the C5 and C3 nerves form the bilateral phrenic nerves. The phrenic nerves passing "edge on" between the heart and the lungs, with some side branches innervating the heart, joining the diaphragm organ (refer to Note that the diaphragm is a very particular organ, separating the upper abdomen, where the fight or flight readiness is executed, and lower abdomen where energy is being stored and wastes deposed off. There is only sympathetic nerve innervating this organ. As we follow the action of activating certain acupoints of the Lung Meridian, signals are sent by a rather wide range of spinal nerves, entering C5 to T1 in Figure 4 . Therefore, stimulating acupoints at the nerve fiber connecting C5 (which has connection to C4) would enhance diaphragm movement. It is interesting to note that the vagus nerve, after descending from the brain stem, will pass through the hiatus of the diaphragm as shown in Figure 6 .
Thus, as one breathes, particularly deeply, the vagus nerve tends to be "dragged'
in up-down periodic motion. This might be the reason for the observed fact that deep breathing exercise like yoga and certain meditation might cause relaxation.
The spinal nerve C3 branches off to C2 and C1 also. C1 is associated with vision and we leave that alone here. In physiological term, the initiation of breathing has already begun. Air would flow in through the nose.
Stimulating the Lung Meridian Affects the Vessel Dilation and Mucosal Secretion of the Nasal Cavity, Leading to Relief of Nasal Congestion
Nerves innervating the nose cavity, nasal glands for detecting smell (see Figure 6 of [ . Two parasympathetic cranial nerves (CN V/trigeminal nerve and CN VII/facial nerve) participate in homeostasis of the mucosal secretion of the nose cavity and toning the blood vessels dilation of the nose. The CN V nerve, after passing through the ethmoid foramina, becomes the anterior ethmoidal nerve to enter the upper part of the nose cavity. CN VII emerges from the inferior part of the pons. Neuron from the superior salivary nucleus synapses the second neuron in the geniculate ganglion; this neuron becomes the vidian nerve and synapses the third neuron in the pterygopalatine ganglion. This third neuron innervates the mucosal glands in the nose. A neuron from the pterygopalatine ganglion also innervates the lacrimal gland of the eye. The axons of neurons of the sympathetic truck synapse four spinal nerves (C1-4, yellow) plus the superior cardiac branch (yellow). The internal carotid nerve forms a network-like structure in the internal connective tissue layer of the carotid artery. This nerve is the main sympathetic nasal nerve to tone nasal glands. The CN I which forms the olfactory nerve is not shown.
neuron from the pterygopalatine ganglion also innervates the lacrimal gland of the eye. The superior sympathetic ganglion (orange) is the first sympathetic ganglion of the sympathetic trunk [49] . The axons of neurons of the superior sympathetic ganglion (orange) of the sympathetic trunk synapse four spinal nerves (C1-4, yellow) plus the superior cardiac branch (yellow) of the sympathetic nerve. As shown in Figure 7 , one branch coming out of the superior sympathetic ganglion is the internal carotid nerve which forms a network-like structure (represented by a wavy structure for simplicity) in the internal connective tissue layer of the carotid artery. This nerve is the main sympathetic nasal nerve to tone the action of the nasal glands. Both sympathetic and parasympathetic [50] ). About half of the obstruction of air flow occurs in the nose and is a risk factor for sleep-disordered breathing [51] . Therefore, it is important that both the sympathetic and parasympathetic nerves supplying the nose should work in harmony. The microvasculature of the nose consists of three parts: 1) A subepithelial network of capillaries, providing nutrients to the epithelium and glands; this system also allows passage of water into the lumen for evaporation and air-conditioning. 2) A system of capacitance vessels or sinuses. When these vessels distend, the nasal lumen is blocked, allowing very small amount of air to pass through. When they are constricted, the nasal passages are then open. The amount of constriction affects the filtering and air-conditioning functions of the nose, as well as the amount of air allowed to pass through. 3) Small arteries, arterioles, and arteriovenous constitute the system of resistance vessels, allowing rapid passage of blood through the mucosa. Sympathetic nerve stimulation causes constriction of the resistance vessels by the alpha-adrenergic mechanism and the venous vessels serve as capacitance vessels [52] . Parasympathetic nerve stimulation causes non-cholinergic dilatation of both resistance and capacitance vessels. It has been known long ago that the nasal mucosa is drained by two separate venous systems mentioned in 2) and 3). Note that the nasal mucosa receives tone discharges from the sympathetic nerves but not from the parasympathetic nerves. Hence, nasal congestion could be due to a withdrawal of sympathetic discharge than to an overactivity of the parasympathetic nerves. Bridging the east and west, thus stimulating the Lung Meridian could lead to relief of nasal congestion [53] .
Stimulating the Lung Meridian Would Send Signals to the Larynx-Pharynx-Trachea System
Note that the inferior ganglion of the vagus nerve has connection with the superior ganglion of the sympathetic trunk. The left side of Figure 8 shows the internal laryngeal (sensory, dotted yellow lines) and external laryngeal (motor, solid yellow lines) sympathetic nerves which exit from the superior ganglion of the sympathetic trunk [54] .
The external laryngeal nerves innervate the laryngeal constrictor muscles, causing the esophagus to open and close during respiration, in opposite phase to the cyclic action of the vocal cords [55] .
Note that the cranial nerve IX (glossopharyngeal nerve), carrying both sensory 
Stimulating the Lung Meridian Would Activate the Scalene Muscles for Inspiration and Cause Bronco-Dilation via the Pulmonary Plexuses
The electromyograms of the scalene, sternocleidomastoid, and trapezius muscles of 40 severe COPD patients were measured during resting breathing in 1) seating posture; 2) supine posture [58] . It was found that all patients demonstrated strong inspiratory contraction of the scalene muscles in 1). Only 10% of the patients showed some inspiratory activity in the sternocleidomastoid and no Figure 8 . The left side shows the sympathetic nerves from the superior ganglion of the sympathetic trunk form the internal (dotted yellow lines) and external laryngeal (solid yellow lines) nerves which innervate the larynx. These nerves contain some portion of the vagus nerves. A branch of the vagus nerve exits from each inferior parasympathetic ganglion, descending to a site near the aortic arch and turns up to form the recurrent laryngeal nerve (blue) on each side, innervating the larynx also [54] . On the right side, we indicate the simplified pharynx system. Viewing down the glottis, with the vocal cords open, the observer will see rings of the trachea. The pharynx is innervated by a mixture of the CN IX and CN X nerves, which exit the brain stem at proximity. The combined system has motor neurons (to open and close the vocal cords and swallowing action) and sensory neurons (for sense of taste of the posterior of the tongue-not shown here) [55] . For simplicity, we present the bluish green nerves to represent such a mixture nerve system.
activity in the trapezius muscles. In posture 2), only scalene muscles were involved in inspiration. Remark that the scalene muscles are innervated by the C4, C5, C6 spinal nerves [59] . This aspect will be amplified in another paper on the Lung Sinew Channel shortly later.
On the other hand, based on animal models, it was established long ago that the lungs are innervated primarily from the anterior and posterior pulmonary plexi, constituting sympathetic nerves and the vagus nerves [60] [61] [62] . In general, the sympathetic nerves cause bronchodilation and blood vessel constriction, whereas the vagus nerves constrict the bronco-vessels but dilate the blood vessels.
Using the technique of retrograde axonal tracing combined with immunohistochemistry (applied to the rat model), and based on analysis of the amounts of calcitonin gene-related peptide (CGRP), there was evidence showing that effectively the vagus nerves are more involved in the relaxation of the trachea. Note that CGRP is synthesized and released from sensory nerves in the central nervous system can be released to the peripheral. It can function as a bronco-dilator [63] .
The sensory innervation of the lungs was shown to originate mainly from the ipsilateral dorsal root ganglia (45% of cells CGRP-immunoreactive) at levels T 1 −T 6 , implying there was much stronger influence of the sympathetic nerves at these spinal levels in causing bronchodilation of the rat's lungs themselves [64] .
Later, there was evidence in guinea-pig model study that T1-T4 spinal nerves are engaged more significantly in sympathetic motivation of the lungs directly (see e.g. [65] ). In view of the above evidence, we consider that the spinal nerves C7, C8, T1 constitute the major part of the cardiac-pulmonary plexus of humans, and surely stimulating the T1 spinal nerve can activate the bronco-dilation effect in the lungs and activate the heart function (see Fig. 11 .38 of [66] [67]). On the upper left of Figure 9 , the afferent sensory neurons (yellow) from the brachial plexus (see Figure 4 also), painted in green, enters the spinal cord T1. The circular shaped small body indicates the cell body of the neuron, which is rather long in the limbs. The sensory neuron has its dendrite inside the grey matter.
The said dendrite synapses an inter-neuron (brown) which is short and within the "butterfly". The inter-neuron passes on the message to another neuron (orange) which stretches through the white ramus (a nerve tube in green color, schematically) to the stellate/inferior cervical ganglion (circular shape in green), which is a "station' where neurons exchange signals (or synapses). After synapsing, the motor neuron (red) coming out of the stellate ganglion is contained in a nerve tube (green). This neuron enters another circular shaped junction (prevertebral ganglion) and passes its message to a region called "pulmonary plexus". On the other hand, the vagus nerve (CN X, blue) descends from the nodose ganglion near the brain stem and enters the pulmonary plexus also. The pair of sympathetic and parasympathetic nerves from the pulmonary plexus enters the root of one lung to innervate the pulmonary vasculature. The C7, C8 nerves in the stellate ganglion are not shown for simplicity. Figure 9 . Afferent sensory neurons (yellow) enclosed by a nerve fiber from the upper limb (referring to Figure 4 ), enters the spinal cord T1. The sensory neuron has its dendrite inside the grey matter. The said dendrite synapses an inter-neuron (brown). The inter-neuron passes on the message to the middle part of the stellate cervical ganglion (green). The neurons coming out of the stellate ganglion are contained in a nerve tube (green). This nerve tube enters the prevertebral ganglion. A (red) motor neuron joins the pulmonary plexus. The vagus nerve (CN X, blue) descends from the nodose ganglion near the brain stem and enters the pulmonary plexus also. This pair of nerves from the plexus enters the root of one lung [67] . The motor neuron from C6 (outside the diagram) innervate the scalene muscles to trigger inspiration, but not shown in this diagram. We only present the T1 nerve to represent the cardiac-pulmonary nerve plexus, which includes C7, C8 also in the stellate ganglion. about perpendicular to the paper plane, and the descending "anterior corticospinal tract" (reddish) as well as "lateral corticospinal tract" (red) through which motor neurons descend. We can now proceed to follow two special stimulations along the Lung meridian.
Stimulate the
Stimulating the Acupoint LU11 and LU4 (An Acupoint on the Arm) Sends Signals along the Spinothalamic Tract to the Thalamus, Then to the Neocortex
Now apply acupuncture/acupressure at the LU11 (shaoshang, thumb site) by perpendicular insertion 0.5 to 1 cun, and use the standard twirling technique to stimulate. We follow the signal along a sensory neuron (yellow) along the posterior spinal nerve T1 in Figure 11 Among these three spinal nerves, the C4 spinal nerve is the main one forming the phrenic nerve, which is the only motor nerve to move the diaphragm, without which, breathing will surely stop. At T1 (or C7/C8), after synapsing, the second neuron (also yellow) goes through the brain stem all the way up to the P. C. W. Fung, R. K. C. Kong DOI: 10.4236/cm.2018.93006 Figure 11 . Ventral view of the neuronal system involved in responding to stimulation of the Lung Meridian. The yellow sensory neuron entering the dorsal grey horn comes from either one of the three nerves: 1) Median nerve; 2) Radial nerve; 3) Musculocutaneous nerve, following the procedure depicted in Figure 3 . The afferent neurons in yellow form the spinothalamic tract, having its destination at the ventral posterior lateral (VPL) nucleus of the thalamus. At VPL, the third neuron (orange) synapses neurons at the neo-cortex. If stimulation at LU11 (shaoshang) is performed, the excited site (red dot) corresponds to the "thumb area". In response, the motor neuron follows the anterior corticospinal tract (red). This tract passes down through the anterior white matter sections. Then the neuron synapses the second neurons at the C3, C4, and C5 spinal grey horns. We show the second neuron at the C4 cord, joining the phrenic nerve [72] . The anterior corticospinal tract follows down through the cervical and thoracic spinal cords (see, e.g., Fig. III .29 of [35] , Fig. 8 .17 of [68] ). This tract synapses other motor neurons at the ventral horns of the thoracic cords (T2-T8), leading to innervation of the intercostal muscles and the abdominal muscles supporting breathing [73] . If acupoint such as LU4 (xiobai) at the arm position is stimulated, the signal will be transmitted to reach the "arm site" (green dot) at the neo-cortex. The response follows the lateral corticospinal tract, which goes all the way down to the white matter of S1, S2, S3, and S4 (see Section (5.5)). The lateral corticospinal neuron also synapses motor neurons at the ventral horns in basically all the thoracic cords. These motor neurons innervate many muscles stripes, including those accessory muscles supporting breathing action in the abdominal region. The symbol "sac" represents sacrum. The motor neuron (red) exiting from the ventral horn of T1 in the middle of the Figure innervates the root of lung, as described in Section (4.6). Motor neuron from C6 (not shown) activates the scalene muscles which are needed for inspiration. The two-dimension view of the cortex corresponds to the sight looking at the primary somatosensory cortex (red) in the little figure on the upper right corner. The reference plane (blue) turns 90 degrees to become the two-dimension view of the cortex. If a neuron (pyramidal essentially) in the red region is to communicate with the associated neuron in the green region (primary motor cortex), it does not have to extend its collateral axons (Figure 1(d) ) very far. This and all the figures of this paper were hand-painted by author PCWF. in the upper part of Figure 11 [69] [70] . In fact, the pioneer work of the limb-cortex connection in the cat model was published over half a century ago [71] . Suppose we stimulate another acupoint such as LU4 (xiabai) of the Lung
Meridian on the arm, also by perpendicular insertion 0.5 to 1 cun, applying also the standard twirling technique. The ending spinothalamic path is different, but very close to the previous one, and the third sensory neuron will have its destination at another site, correspond to the "arm site" (green dot) in Figure 11 .
It is important to note that the upper part of Figure 11 represents the cross-section of the brain specified by the blue plane in the little figure on the upper right corner. This plane lies between the primary somatosensory cortex (red) and the primary motor cortex (green).
Evidence of the Cross-Talks between the Pyramidal Neurons in the Primary Somatosensory Cortex and the Primary Motor Cortex at the Fifth and Sixth Layers, in Response to Stimulation at Acupoints of the Lung Meridian
The primary somatosensory (S1) neurons and primary motor (M1) neurons are long hypothesized to be reciprocally connected, and intuitively such hypothesis is sound, as animals and humans demonstrate that coordinated motor output is responsible to sensory input, for survival. That these connections are two-ways because the motor neurons can feed back their plan of motor action to the sensory neurons. Such intuition is supported by the experimental finding that discontinuation of S1 input to M1 would lead to disruption of many motor actions such as hand grip, chewing in primates and actions of other animals (see, e.g., [74] [75]). Note that the primary somatosensory cortex and the primary motor cortex are "neighbours' in the brain cortices (see upper right corner of Figure 11 ).
A sensory neuron communicates with the related motor neuron in near distance (~2 mm in the rat model). For humans, the communication distance is anticipated to be of the same scale of length. We will explain below how they "talk".
Refer to Figure 1 Recent work has shown that the probability of connection among pyramids is rather specific, meaning interactions are inhomogeneous [76] . Numerous experiments using animal models have been performed to illustrate such close connection, and it is also the basis for acupuncture/acupressure/moxibustion to function as therapeutic treatment to many disorders in muscles and internal organs. Here we review briefly several recent experimental results of such S1-M1
connection. Many sensory neurons from the peripheral synapse the third neurons in the thalamus, which have their destinations at one or more of the six Figure 12 (divided along the length of 2 mm) within the neo-cortex. The primary motor cortex also receives input signals from premotor, executive, and sensory centers [77] [78] . A special "sensorimotor slice preparation technique", which can preserve much of the S1-M1 connectivity has been developed, allowing in vitro studies on the anatomical structures of participants of such cross-talks. Photographs of the stained sensory and motor neurons at the neo-cortex have been reported in [79] . We will show in Figure 12 a hand-painted picture of the photography, i.e. Figure   2 (A) of [79] (at the neo-cortex; the mouse whisker model has been a popular one to study sensory-motor communication, see, e.g. [80] ). 
In Response to the Stimulation Action of the Acupoint LU11 of the Lung Meridian Described in Section (5.2), the Motor Neuron Follows the Anterior Cortico-Spinal Descending Pathway to Monitor Breathing
We refer back to Figure 11 . The descending motor neuron (reddish orange) Figure 12 . Schematic representation of the two-way communications between pyramidal neurons (of mice models) at the primary somatosensory neo-cortex (marked Sensory neurons) and that at the primary motor neo-cortex (marked Motor neurons). This is a hand-painted copy by author PCWF adapted from the photograph of ref [79] . Collateral axons of both sensory and motor neurons extended horizontally to communicate, as indicated by the thin horizontal red lines. Some isolated pyramidal cells are revealed between the two big groups of neurons. The pyramidal neurons of these two groups have their cell bodies mainly located in the 5 th and 6 th layers (marked 1 to 6 on the vertical side)
of the neo-cortex, below which is the white matter. The scale is only a rough estimate. Decades ago, there was direct evidence that motor neuron from the cortex can activate the diaphragm [85] . After "side-branching" to join the phrenic nerve, the anterior corticospinal tract is on route to C6, C7, C8 and then T1. From T1 to T11, the anterior corticospinal nerve synapses other motor neuron(s) at each of the T1-T11 cross-section, at the left ventral grey horn. We note, however, the motor neuron (red) exiting from the ventral horn of T1 in the middle of the Here we show a typical cross-section of the thoracic spinal cords T2-T8, in Figure 11 . The activated neuron (reddish), which, via the ventral ramus, has its destination at the intercostal muscles (see Fig. 166 of [46] ). The activated neurons at the left ventral grey horns of T2-T12 have their destinations at other accessory muscles of the body trunk, assisting the motion of the diaphragm [73] . If one applies acupuncture or moxibustion at an acupoint (such as LU4) at the arm, the third motor neuron, after being synapsed at the ventral posterior lateral nucleus of the thalamus, would have its destination near the center of the parietal section (green dot in Figure 11 ), being different from the "thumb site" (red dot) of the motor cortex. The responding motor neuron descends from the cortex follows the lateral corticospinal tract (Fig. III.29 of [35] ). This tract goes down the pons, crosses over to the left side at the decussation region of the Medulla Oblongata. We see a nerve emerging downwards in the left lateral white matter region in Figure 11 . The very interesting aspect is that the lateral corticospinal tract has its destination at the spinal cords S1, S2, S3, and S4, discovered a few decades ago [86] [87].
In Response to the Stimulation Action of the
In the guinea pig, it was established that from the inferior mesenteric ganglion (IMG) "sends off" sympathetic nerves innervating different bowel regions. Using the guinea pig model and retrograde labelling, the density of sympathetic nerves innervating the large intestine system was investigated [88] . By counting the number of neurons, it was concluded that IMG in the guinea pig receives a sig-P. C. W. Fung, R. K. C. Kong DOI: 10.4236/cm.2018.93006 100 Chinese Medicine nificant innervation of visceral sympathetic neurons from the middle, distal colon and maximizing at the rectum. In another study, analyzing the characteristics of the response of afferent nerve fibers innervating IMG associated with colonic distension in the guinea pig model also led to a very similar conclusion [89] .
Aiming at the same purpose of analyzing nerves innervating the large intestine system of the rat model, a series of intramuscular injections were carried out with retrograde tracer cholera-toxin HRP (CT-HRP) [90] into the cecum, ascending, transverse, descending of the colon (except the rectum), to analyze the connection between the dorsal motor nucleus of the vagus nerve (DMN) and different portions of the large intestine [91] . The mean number of retrogradely labeled neurons in the DMN after injection to cecum, ascending colon, transverse colon, descending colon were respectively about 220, 90, 30, 20 (see Figure   3 of [91] ). In this experiment with the rat model, there is clear evidence that the celiac and accessory celiac branches of the vagus nerves (as nerves of motor neurons) from the (lateral sides of) DMN innervate about the whole large intestine, but with decreasing influence towards the rectum (which is not innervated). Labelled neurons in the lumbo-sacral region of the spinal cord were reported to be revealed following injection to the descending colon and rectum.
Result of this study, together with investigations such as that reported in [92] , suggest strongly the innervation pattern presented in Figure 13 , which summa- As we follow the signals triggered by activation of the Lung Meridian, we observe that the celiac branch of parasympathetic nerve, passing through the diaphragm to tone three portions of the large intestine system, excluding the rectum and the descending colon. Based on the experimental studies reviewed in this section, activation of the inter-neuron at the grey matter at the center of the C3-T1 spinal cords would send signals to lamina X of the Medulla of the brain stem. The efferent nervous signals pass down to the sacral region where the parasympathetic nerves exit from the pelvic plexus to influence the action of the P. C. W. Fung, R. K. C. Kong Figure 13 . Innervation of the large intestine system. The yellow circles represent the sympathetic ganglions along the sympathetic trunk. L1, L2 are the two of the five lumber ganglions, whereas S1-S4 indicate schematically the positions of the sacral spinal segments from which the parasympathetic neurons (blue) exit. The green circles represent the ganglions where pre-ganglionic neurons synapse the post-ganglionic neurons. The vagus nerve follows lamina X all the way down the spinal cord (see Figure 10 ). This diagram is hand-painted adaptation of the figure on page 243 of [87] by author PCWF. There is also recent development of such connection [94] [95].
The Respiratory Centers at the Pons, Medullar Oblongata and the Bulbospinal Tract System Automatically Generate Rhythmic Breathing Action
Using in situ perfused (brain stem)-spinal cord specimens of the juvenile rat, the there are basically three breathing centers in the Pons-medulla oblongata region:
1) The ventral respiratory group (VRG); 2) the dorsal respiratory group (DRG);
3) the Pontine center, as schematically shown in Figure 14 . We accept the concept of [96] and consider the VRG to be composed of five groups of neurons [97] : a) the para-facial respiratory group (pFRG [98] , also called the retrotrape- The general structure of the respiratory centers is summarized in Figure 14 .
The cranial nerves (parasympathetic) are painted in blue and the spinal nerves C1 and C2 are painted in yellow. NA is along the VRG for about the whole length. We have identified the VRG and DRG above. The pontine group (which is consisted of the Kölliker-Fuse nucleus, the lateral and medial parabrachial nuclei) can be simplified to be consisted of the parabrachial complex, including the lateral parabrachial nucleus and the medial parabrachial nucleus. Conventionally, many would consider the VRG controls breathing rhythm; however, according to the analysis of [97] , it is more likely that the whole circuit constituting the VRG, DRG and Pons respiratory center regulates the breathing rhythm as a network, including inputs from the peripherals at the DRG. Figure 8 , Section (4.5)). The ventral respiratory center is composed of 5 compartments as described in the text. The column of neurons in the brain stem joins the spinal cords as the bulbospinal tract system (greyish region bounded by the big dotted arrow) [104] . There are input signals from the higher brain because the "thalamus-limbic-respiratory centers" circuit is at work [105] . DRG represents the dorsal respiratory group where input signals, (such as chemical signals) from the peripheral, enter. The nucleus tracts solitarius is an organization center of cardiac function [106] , substantiating the close heart-lung relation. The nucleus ambiguous is the station where nerve CN X and nerve CN IX exit (see also Section (4.5) and Figure 8 ).
function, whether tracts (B) and/or (C) are involved in the automatic control of breathing was under research for some decades. However, it was found that after high cervical percutaneous cordotomy to treat cancer, all the patients died of respiratory dysfunction syndrome had lesions in the anterolateral funiculus in the C2 segment [72] . There was also direct evidence based electrical stimulation and subsequence analysis of the cat model that tract (B) participated in both respiratory and cardiac functions [99] . As tract (B) passes through anterolateral funiculus, one possibility of the result of [72] is that tracts (A) and ( Chinese Medicine higher brain because the "thalamus-limbic-respiratory centers" circuit is at work [100] . Based on the detailed review in this Section, we can then state that the respiratory centers at the pons and medulla oblongata, working as a combined system, generate intrinsically a rhythmic respiratory rate and the neurons along the bulbospinal tract system, via tracts (A) and (B), are responsible to synapse the motor neurons (via interneurons in the grey regions of the spinal cords) of the sympathetic motor neurons to operate the muscles of the breathing system [100] .
We must add a few words on the special neurons building up the bulbospinal tract system. We would emphasize that the neurons that innervate the spinal sympathetic preganglionic neurons (SPGNs), which build up the bulbospinal tract system, are called pre-sympathetic neurons. They are found in the upper cervical spinal cords, medulla oblongata, pons and the hypothalamus [101] . Research in the past decade gives complying evidence that they are very special neurons orchestrating many reflexes which are important to homeostasis such as keeping the respiratory rate, maintaining blood pressure and body temperature within the survival range [102] . These are the neurons that form tract (A) and (B) of the bulbospinal tract system mentioned above.
We wish to note one interesting in vitro experiment [103] relevant to our study. The brain stem and spinal cords were isolated from new born (0 -4 days old) rat models. These preparations retained the thorax with innervated intercostal musculature. Also, the cervical and thoracic dorsal roots, the ventral spinal roots innervating the thoracic musculature were all kept intact for studying the respiratory function in a bathing solution. Suction electrodes were applied to the cut ends of spinal and cranial nerve ventral roots containing respiratory motoneuron axons; in this way the electrical activity is represented by the motor neuron discharge rates. Figure 15 (a hand-drawn painting by author PCWF, as an adaptation after Figure 1 of [103] ) demonstrates the patterns of electric discharges of the motor neurons of the cranial nerves CN IX, CN X, as well as the electric discharge patterns of the sympathetic neurons at C1, C4, T2, T8 [103] .
We observe that all these discharge patterns were found to be synchronized automatically once the vagus nerve triggered the respiratory system. In vivo electromyography measurements of the phrenic nerve, the diaphragm, and intercostal muscles (8 th space) were also carried out and the results were reported to substantiate the in vitro outcome.
Based on the above analysis, we know that a very sophisticated system is at work, including the cranial neurons, the pre-sympathetic neurons, and the sympathetic motor neurons, just to achieve smooth and non-stop breathing.
Evidence of the Thalamus-Limbic-Respiratory Centers Circuitry Based on Functional Magnetic Resonance Imaging and Positron Emission Tomography Studies with Reference to Whether Stimulating the Lung Meridian Would Affect Emotion-A General Answer Was Documented over 1600 Years Ago
There are pacemaker neurons (similar to those in the heart muscles) in the P. C. W. Fung, R. K. C. Kong Figure 15 . A rough hand-painting by author PCWF, as an adaptation of Figure 1 of [103] to show the electric discharge patterns of the motor neurons of the cranial nerves CN IX, CN X, sympathetic neurons at C1, C4, C5, T2, T8 of the rat model. All the discharged patterns in real time were found to be synchronized automatically once the vagus nerve triggers the respiratory system. In vivo electromyography pattern of the intercostal muscles (8 th space) is also shown.
brainstem providing automatic control of breathing for metabolic homeostasis, giving rise to an intrinsic brainstem respiratory rhythm to be controlled by a special network as depicted in the last Section. During the wake state, cognitive, emotion, physical demands modulate this rhythm for obvious reasons. Using functional magnetic resonance imaging (fMRI), the hemodynamics of the brain was recorded and other physical parameters (heart rate, respiratory rate, tidal volume, end-tidal volume of CO 2 ) were measured simultaneously when 14 subjects were at rest [107] . This gave the control data set (i). This set of data suggests that there is synchronized neural activity across a distributed network of limbic/paralimbic and brainstem elements during resting condition. The subjects participated in a cognitive task (sustained random number generation) and the same recordings were carried out; data set (ii) were obtained when participants performed these tasks. Analysis of the two data sets (i) and (ii) indicate
that there is coordinated neural activity associated with spontaneous breathing within the medulla, pons, midbrain, amygdala, anterior cingulate and anterior insular cortices. The active physical regions performing the neuro-modulation were found to be around the dorsal anterior cingulate and pontine raphe magnus nucleus. The authors propose that such active regions form a "limbic/ paralimbic-bulbar circuitry" which plays a significant role in cognitive and emotional modulation of spontaneous breathing [107] [108] . There is evidence of distributed brainstem and cortico-limbic responses to even short breath-holds [109] . In a recent study, the respiratory rate (RR) of 16 subjects were measured-these subjects were classified as the high trait (HT) anxiety and high state (HS) anxiety groups. Inspiratory (T I ) and expiratory time (T E ) were significantly shorter in both the HT and HS anxiety groups. The authors suggest that respiratory rhythm (reflected by the RR value) is affected by the degree of anxiety generated in the higher brain centers during quiet breathing in awake humans [110] .
If the rhythmic breathing center is too sensitive to cognitive or emotional input, due to malfunction of some neurons in that center, it is not difficult to see 
Discussion and Concluding Remarks-Bridging the East and West
According to [1] , chronic obstructive pulmonary diseases (COPD) caused 3. would therefore affect the properties of the blood and lymphatic vessels [2] . The references cited in the present paper cover a wide range in time epoch, because gross anatomy and some basic neurophysiology were developed half a century ago. This is a multi-disciplinary project, and we inevitably need to introduce some basics of neurophysiology, for convenience of the readers.
We have shown, using the "neuron-to-neuron tracking" approach, by taking evidence from either in vitro (animal models) studies or in vivo ( Note that the connection between sensory stimulation and the function of internal organs using experimental techniques in modern biomedical science was reported as somato-visceral organ reflexes which could involve nerves innervating spinal cords. Some of the reflexes involve nerves in the brain together with some nerves in the spinal cords [115] . These studies show that stimulating sensory nerves in some regions of the animal models would either enhance or inhibit the functions of internal organs (like intestine mobility). The verifications of these somato-visceral organ reflexes did not refer to the special properties of the Meridians. We have pointed out in the series of recent analyses that the density of sensors is higher at acupoints [41] and the Meridian is a more efficient communication tract (as compared to non-meridian regions) in many aspects as outlined in [2] [8] [9] . We therefore anticipate that somato-viseral organ reflexes would be more efficient along the Meridians.
We have reviewed briefly the neuro-circuitry of providing automatic generation of the breathing rhythmic function during the wake and sleep state in Section (5.6) based on modern neurophysiology. There is dysfunction of respiration if any part of the circuitry is defective in the pathological state. The respiratory system, like heart beating, would be fatal if it stops function. Since the natural automatic respiration works on pathways different from the tracts resulting from stimulating the Lung Meridian as analyzed in previous sections, we propose that non-invasive (acupressure/moxibustion) or minimal invasive (like acupuncture) would help to restore respiration in COPD, as matter of principle. However, we do not know whether the motor neuron from the cortex through the lateral corticospinal tract or the anterior corticospinal tract (responding to acupuncture of the Lung Meridian) has connection with the bulbospinal tract system at the brain stem. If the answer is positive, there is "double benefit" by simulating the Lung Meridian to strengthen breathing action. Intuitively, exercise mobilizes motor neurons in general, and breathing is experienced to be smooth during exercise within personal limits. Having understood the basic mechanisms in affecting the organs involved in the respiratory function behind the action of stimulating the Lung Meridian, the next step is to work on particulars of treatment techniques. Along this line, we wish to note in a recent paper [9] that the TCM Sinew Channel and Meridian are closely related anatomically. Fluent blood, interstitial fluid and lymph flows, relaxation of the relevant connective tissues and muscles are also involved, as briefly stated in [9] for good communication along the Meridian. A follow-up analysis involving muscles of the Sinew Channel is necessary for finding concretely the suitable techniques to treat disorders of the lungs, as a second step-such an issue is the content of the next paper to come. In fact, there are quite a number of parameters involved to specify the disease states such as sleep apnea, as a special case of COPD [116] , and the specific TCM technique to be used is disease-dependent. The choice of the two acupoints LU11 and LU4, based on the analysis in the previous sections, is only a starting point, with the standard techniques of stimulation stated in Section 5.2. We wish to remark also that it is common in TCM to stimulate a number of acupoints of different Meridians to treat the disease of a single organ [117] . Relating to the function of lungs, the acupoint feishu (BL13) of the Urinary Bladder Meridian has been used to treat certain lung disorder [112] . From the view point of neuro-physiology, certainly a set of nerves, different from those discussed in this paper, are involved when BL13 is stimulated. We consider stimulating BL13 would affect the lung function via the posterior roots of the lungs due to obvious anatomical reason. We only analyze one Meridian at a time. After analyzing the neurophysiological consequences of all the twelve Meridians plus the related Sinew Channels, we will see the overall picture of the efficacy of acupuncture/acupressure. The modality of treatment has to be adjusted as we accumulate more knowledge of the neurophysiological responses, directly (from in vivo studies) and indirectly (from in vitro investigations).
On the other hand, we have not discussed the effects of moxibustion in this paper, because even mild hyperthermia caused the activation of Heat Shock Proteins which participate in many physiological pathways as analyzed in our recent paper (see Figure 2 of [118] ); this issue of moxibustion deserves another series of papers.
Moreover, the recent discovery of the Thalamus-Limbic-Respiratory Centers circuitry points to the fact that respiration is closely related to change of mood.
Thus stimulating the Lung meridian "branches" out as another interesting and useful issue for mood regulation, which is of interest to psychology and psychiatry. A pioneering work (at modern time) on applying acuputure at LU9 P. C. W. Fung, R. K. C. Kong DOI: 10.4236/cm.2018. 93006 109 Chinese Medicine (Taiyuan) has recently been found to be correlated to increased cerebral hemodynamic activities at the subcallosal gyrus, right inferior frontal gyrus plus other cerebral regions [119] . Such enhancement could well be triggered off by the sensory signal (traveling along the spinothalamic tract) reaching the VLP of thalamus, which is a center of activities, as mentioned in this paper.
Conclusion
Stimulating the Lung Meridian via sensory neurons would activate the organs A1 -A7 involved in respiration in ways different from the intrinsic pathways through the respiratory centers. We put forth the notion that, together with the toning of the Lung Sinew Channel using special manual maneuver before applying acupuncture (to be published in the next paper), modernized non-invasive TCM modalities might provide the chance of sustaining continuous respiration when the intrinsic system is defective in some cases of COPD.
The details of maneuver techniques, and clinical trials are disease dependent and waits for a series of studies hopefully to be carried out by different groups in the near future as mentioned in the early part of this section. Monitoring the mood, functions of the large intestine and sweating via stimulation of the Lung Meridian are also interesting projects with clinical relevance.
